A substantial number of people worldwide have been suffering from peptic ulcers which can be commonly classified into either gastric ulcers and duodenal ulcers \[[@r31]\]. The prevalence of peptic ulcers has been documented to be about 10% in the West and East \[[@r19]\]. In Taiwan, about 67% of peptic ulcer patients had no remarkable symptoms \[[@r33]\]. Peptic ulcers are caused by several conditions such as heavy drinking, smoking, emotional stress, caffeinated drinks, non-steroidal anti-inflammatory drugs (NSAIDs) and infection of *Helicobacter pylori* \[[@r11], [@r18]\]. Peptic ulcers result from an imbalance between the aggressive (acid, pepsin and *Helicobacter pylori*) and mucosal defensive (mucin, prostaglandin and mucosal secretion) factors \[[@r32]\]. In addition to the inhibition of aggressive factors, the strengthening of gastric mucosal protection provides one of the more effective approaches for the prevention and treatment of peptic ulcer disease \[[@r8], [@r9], [@r29]\]. Considering the fact that most medicines have their own limitations and potential adverse symptoms, natural herbal medicines are becoming increasingly proposed as an alternative source of treatment (for medicinal purposes).

*Corchorus capsularis* L., a perenial herb with alias White Jute and Ma Yi, has long been cultivated in Taiwan and the leaves are used as a foodstuff. The Zhong Yao Da Ci Dian (Chinese Materia Medica Grand Dictionary) recorded that *C. capsularis* root has antipyretic and antidiarrheal effect; leaves have hemostatic, myogenic and laxative effect; seeds have anesthetic, sedative and antipyretic effect; and the whole plant is used in the treatment of detumescence, and heatstroke \[[@r16]\]. The Illustration of Common Medicinal Plants in Taiwan recorded that *C. capsularis* contained β-sitoterol, β-sitosterol-D-glucoside, capsularone, corchorol, capsularol, glucose, galactose, arabinose, capsin, capsugenin-30-O-β-glucopyranoside and capsugenin. Antinociceptive and anti-inflammatory activities of *C. capsularis* chloroform extracts have been reported \[[@r37]\]. In Taiwan, leaves of *C. capsularis* have been popularly applied as an edible vegetable and was cited in folklore with gastroprotection. Howerer, little research is known about the gastroprotective effect of the leaves of *C. capsularis*.

Alcohol consumption is acknowledged as an aggressive factor resulting in acute gastric mucosal lesion (AGML) \[[@r7], [@r15]\]. The mechanism of ethanol-induced AGML is a multi-factorial disease which oxygen species and free radicals provide the risk \[[@r26]\], and evidence indicates that pro-inflammatory cytokines, oxidative stress and apoptosis play crucial roles in interpretation of the cause \[[@r4], [@r21], [@r23], [@r25], [@r27]\]. Nevertheless, oxygen radical production with oxidative stress implicated in the lesion of gastric mucosal cell membranes via lipid peroxidation could play a significant role in the pathogenesis of ethanol-induced AGML \[[@r10], [@r11], [@r30]\]. *C. capsularis*. with antioxidant activity has been reported in a literature \[[@r3]\]. Therefore, the present study investigated the protective effect of *C. capsularis* leaves on ethanol-induced acute gastric mucosal damage in rats.

MATERIALS AND METHODS {#s1}
=====================

Materials
---------

Fresh *C. capsularis* leaves harvested in summer were purchased from local store (Da-Duo-Fu Co.) in Taichung (Taiwan). Folin--Ciocalteu reagent, DPPH (1,1-diphenyl-2-picrylhydrazyl) and ethanol were bought from Sigma Aldrich (Merck KGaA, Darmstadt, Germany). All the other chemicals were analytical reagent grade.

Preparation of C. capsularis extract
------------------------------------

Fresh *C. capsularis* leaves (443.31 g) were dried through free-drying by a lyophilizer (Panchun, Taipei, Taiwan) and then ground to powders using an electrical blender (Rong Tsong, Taipei, Taiwan). The ground powders were obtained by extraction with distilled water for 4 hr using a reflux extraction apparatus (Angu, Kaohsiung, Taiwan). The aqueous extract solution was filtered through filter paper in a filter funnel. The extract of *C. capsularis* leaves (ECC) was obtained through solvent evaporation and freeze-drying procedures. After that, the ECC was then stored in an electronic dry cabinet (Taiwan Dry Tech Corp., Taipei, Taiwan) for the following experiment.

Analysis of phytochemical compositions in ECC
---------------------------------------------

The phytochemical determination in ECC was conducted including total polyphenols, total flavonoids and polysaccharides. Total polyphenols in ECC were estimated spectrophotometrically using Folin-Ciocalteu reagent based on a colorimetric oxidation/reduction reaction \[[@r12], [@r24]\]. In brief, 10 mg of ECC was dissolved with 10 m*l* of acetone solution (acetone: H~2~O=6:4). 0.2 m*l* of ECC solution was mixed with 7.5% Na~2~CO~3~ and 1.0 m*l* of Folin-ciocalten reagent were added to each well of a 96-well microplate (Thermo scientific, Denmark) and mixed thoroughly. After a 30 min incubation period at room temperature, color change was measured with a spectrophotometer at 765 nm using an ELISA reader (Spectra MAX190, Molecular Devices, San Jose, CA, U.S.A.). The total polyphenol content was expressed as microgram of gallic acid equivalent (GAE). For total flavonoid determination, the formation of chelatic colorimetrable compounds when reacted with aluminium chloride was used to measure total flavonoids \[[@r12], [@r14]\]. In brief, 0.5 m*l* diluted ECC solution was prepared by adding 10 m*l* 80% methanolic solution to 0.1 g ECC. The solution was mixed with 0.15 m*l* of 10% aluminium chloride and 2 m*l* of 4% sodium hydroxide, and adjust volume to 5 m*l* with distilled H~2~O. After standing for 15 min at room temperature, color change was measured with a spectrophotometer (Hitachi, Tokyo, Japan) at 510 nm. Total flavonoid content was expressed in milligrams per gram rutin equivalent (RE). The polysaccharide content in ECC was measured by the phenol-sulfuric acid method \[[@r12], [@r22]\]. Briefly, 1 m*l* of ECC was mixed with 1 m*l* of 5% phenol solution and 5 m*l* of concentrated sulfuric acid. After shaking the mixtures in a waterbath for 30 min at 30°C, the mixtures were added to each well of a 96-well microplate and mixed thoroughly. Color change was measured with a spectrophotometer at 490 nm using an ELISA reader. Total polysaccharide concentration was expressed as galactose equivalents.

Determination of DPPH free radical scavenging activity of ECC
-------------------------------------------------------------

The antioxidant activity of ECC was measured with a DPPH free-radical scavenging assay \[[@r6], [@r12]\]. The stock solution of ECC (4 mg/m*l*) was prepared and diluted with methanol to make sample solution at different concentrations. Aliquot of 50 *µl* of each dilution was added into the 96-well microplate. Measurement of O.D. value by a microplate reader. at 490 nm after addition of 150 *µl* working solution of DPPH (250 *µ*M) into each well for 30 min. 50% inhibitory concentration (IC~50~) of ECC on DPPH free radical scavenging activity was calculated.

Test animals
------------

A total of 40 male Sprague Dawley (SD) rats were bought from the BioLASCO (Taipei, Taiwan) and housed under standard laboratory conditions in a 12 hr each of light and dark cycle and temperature (22 ± 2°C) controlled animal facility. Standard animal food (Fwusow Industry Co., Ltd., Taichung, Taiwan) and sterilized water were available *ad libitum*. Rats were procured 1 week prior to testing to allow them to acclimatize to the laboratory environment and diet before the experiments. This study was permitted by the appropriate animal care and use committees of Tajen University (Pingtung, Taiwan): approval No. IACUC-102-07.

Protective evaluation of ECC against ethanol-induced acute gastric mucosal lesion in rats
-----------------------------------------------------------------------------------------

The ethanol-induced acute gastric mucosal lesion was carried out according to the method as described previously \[[@r5]\]. The male SD rats (7 weeks old) were randomly allotted into 5 groups (Sham; control; LECC 200 mg/kg/bw; MECC 400 mg/kg/bw; HECC 1,000 mg/kg/bw) of 8 animals each and fasted for 24 hr before the experiment, but had free access to water. Groups of animals received daily ECC (200 or 400 or 1,000 mg/kg) or vehicle, the sterilized water (10 m*l*/kg, control) as gastric gavages. After 7 days, 4 groups of animals were then subjected to 80% ethanol (10 m*l*/kg) treatment with exception of the sham group. After 4 hr, all groups of animals were euthanized with CO~2~ inhalation and the stomachs were removed. The removed rat stomachs were incised along the greater curvature and rinse with normal saline to remove blood clots and gastric debris contents. The morphology of each stomach was photographed using a digital camera (Nikon, Tokyo, Japan). The AGML areas in glandular stomach of each rat were calculated based on the software of a USB Microscope M2 (Myguard, Taoyuan, Taiwan). Semi-quantitative analysis of the gastric lesion was examined macroscopically and classified according to a scoring system. The ulcer index (UI) is percentage of lesion area in relation to total stomach area. Gastroprotection (%) was calculated according to: % gastroprotection=(UIC-UIT) × 100/UIC, where UIC is ulcer index in control and UIT is ulcer index in test.

Antioxidant effect of ECC on ethanol-induced acute gastric mucosal lesion
-------------------------------------------------------------------------

In addition, the blood from hepatic veins was collected for biochemical and antioxidant analyses including glutathione peroxidase (GPx), superoxide dilmutase (SOD), catalase (CAT) and malondialdehyde (MDA). SOD activity was measured using reagent kit (SD 125; Randox Laboratories, Antrim, U.K.). GPx activity was measured by using commercial kit (RS 504; Randox Laboratories). CAT activity was carried out using the Beers and Sizer's method. In brief, take 54.6 *µl* of enzyme and dilute it to 3 m*l* with PBS (200 unit/m*l*). The solution was prepared with 30 *µl* of dilution enzyme, 570 *µl* ddH~2~O and 300 *µl* sample solution. The data was obtained at 240 nm after 3 min of reaction.

In case of MDA analysis, a sample solution containing homogenate (2 g/10 m*l*), Tris-HCl (pH 7.2), FeCl~2~ (4 mM) and ascorbic acid (0.1 mM) was prepared and shaken to ensure it was well mixed. Then the sample solution was bathed at 37°C water for 1 hr. Each sample solution was mixed with 500 *µl* of 0.1 N HCl and 200 *µl* of 9.8% SDS. 900 *µl* of pure water was added into the sample solution and then mixed well with 2 m*l* of 0.6% TBA. After incubation at 9°C for 1 hr, the solution was then cooled to room temperature for 5--10 min. After addition of 5 m*l* n-butanol and mixed well, centrifugation at a speed of 3,000 rpm was carried out at 25°C for 25 min. Aliquot of 200 *µl* supernatant was spiked into a 96-well microplate and the absorbance was measured at 532 nm by a ELISA reader.

Histopathological evaluation of ethanol-induced acute gastric mucosal lesions
-----------------------------------------------------------------------------

Stomachs were fixed in a 10% buffered formalin solution. The fixed stomaches were embedded in paraffin wax and processed in a paraffin tissue processing machine (Leica, Nussloch, Germany). Sections of the stomachs were made to a thickness of 5 *µ*m and stained with hematoxylin and eosin (H & E) for microscopic examination (Nikon). The evaluation of histoscore on gastric mucosal lesions histopathology in the glandular stomach was deliver to 5 levels: 1= minimum (\<1%); 2= slightly (1--25%); 3= medium (26--50%); 4= medium/seriously (51--75%); 5= seriously (76--100%).

Statistical analysis
--------------------

Data are expressed as mean ± SD. Statistical comparisons were analyzed by one-way ANOVA and subsequently the Duncan test was performed using a SPSS statistic software, version 10.0, SPSS Inc., Chicago, IL, U.S.A. *P*\<0.05 was considered statistically significant.

RESULTS {#s2}
=======

The phytochemical compositions and the free radical scavenging activity of ECC
------------------------------------------------------------------------------

*C. capsularis* leaves aqueous extract with 19.5% yield was obtained in preparation. The extract's phytochemical analysis of total polyphenols, total flavonoids, polysaccharides and the DPPH free radical scavenging activity were investigated in this study. The phytochemical compositions of ECC are listed in [Table 1](#tbl_001){ref-type="table"}Table 1.The analysis of phytochemical composition in extract of *Corchorus capsularis* leaves (ECC)IngredientsAmountPolyphenols59.88 ± 0.61 mg GAE/gFlavonoids86.39 ± 18.0 mg RE/gPolysaccharides320.89 ± 6.99 mg/g^a)^Data are presented as the mean ± SD of three independent experiments. a) *P*\<0.01 as compared with polyphenols and flavonoids. GAE: Gallic acid equivalent; RE: Rutin equivalent.. Phytochemical compositions for total polyphenol, flavonoid and polysaccharide in ECC were 59.88 ± 0.61 mg GAE/g, 86.39 ± 18.0 mg RE/g and 320.89 ± 6.99 mg/g, respectively. [Table 1](#tbl_001){ref-type="table"}, polyphenols and flavonoids' content shows similar levels in ECC. The polysaccharides content had approximately quintuple more than that of polyphenols and flavonoids. It seems that polysaccharides are the abundant constitute in ECC. In the antioxidant activity performance of ECC, DPPH free radical scavenging activity assay method was applied to the free radical scavenging activity of ECC. The results revealed that ECC possessed significant DPPH free radical scavenging activity in a concentration-dependent manner ([Table 2](#tbl_002){ref-type="table"}Table 2.DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging activity of extract of *Corchorus capsularis* leaves (ECC)ECC (mg/m*l*)DPPH inhibition (%)^a)^0.884.02 ± 1.050.679.30 ± 0.170.477.79 ± 0.400.246.54 ± 1.340.128.46 ± 1.40a) The free radical scavenging activity was evaluated as the DPPH scavenging percentage based on the reduction of the absorbance at 490 nm in the presence of ECC for 30 min. Data are presented as the mean ± SD (n=3).). ECC at concentration of 0.8 mg/m*l* was able to eliminate higher than 80% of DPPH free radicals with IC~50~ about 0.25 mg/m*l*. *C. capsularis* has been reported as having antioxidant activity \[[@r2]\]. As a result, the antioxidant activity observed with ECC was possibly derived from polyphenols, flavonoids, and polysaccharides in ECC.

Protection effect of ECC on ethanol-induced AGML
------------------------------------------------

Effect of ECC on the body weight and daily intake of rats in the experimentation period is shown in [Fig. S1](#pdf_001){ref-type="supplementary-material"}. The results revealed that there was no significant effect on growth trend and daily food intake rate after the administration of ECC in the experimentation period. Ethanol-induced AGML in rats has been widely applied as an animal model to evaluate the gastro-protective activity of test sample \[[@r5], [@r35], [@r36]\]. The result of ECC on ethanol-induced AGML in rats is shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.(A) Macroscopic appearance of extract of *Corchorus capsularis* leaves (ECC) on ethanol-induced acute gastric mucosal lesions (AGML) in rats. (a) SHAM: Normal; (b) CTRL (Control): 80% ethanol + vehicle; (c) Low-dose of ECC (LECC): 80% ethanol + ECC 200 mg/kg; (d) Medium-dose of ECC (MECC): 80% ethanol + ECC 400 mg/kg, (e) High-dose of ECC (HECC): 80% ethanol + ECC 1,000 mg/kg. (B) Effect of ECC on ethanol-induced AGML. Each value represents mean ± SD (n=8). \*\**P*\<0.01 denotes a statistic difference between ECC group and control group. Five groups: SHAM (Normal), CTRL (80% ethanol + vehicle), LECC (80% ethanol + ECC 200 mg/kg), MECC (80% ethanol + ECC 400 mg/kg) and HECC (80% ethanol + ECC 1,000 mg/kg).. In macroscopic findings, 80% ethanol caused severe lesion of the stomach in the control group ([Fig. 1Ab](#fig_001){ref-type="fig"}) with apparent black hemorrhagic lesion areas as compared with the sham group ([Fig. 1Aa](#fig_001){ref-type="fig"}). As shown in ECC groups, ulcer areas had been dose-dependently decreased after LECC-, MECC- and HECC-treatment ([Fig. 1Ac--Ae](#fig_001){ref-type="fig"}) as compared with the control group ([Fig. 1Ab](#fig_001){ref-type="fig"}). Obviously, ECC was able to ameliorate effectively the severity of ethanol-induced AGML. Quantitative data for the ethanol-induced ulcer index (UI) is shown [Fig. 1B](#fig_001){ref-type="fig"}. As shown in [Fig. 1B](#fig_001){ref-type="fig"}, ethanol was capable of inducing AGML in rats by comparison to that of the sham group. In addition, a significant decrease in ethanol-induced UI was found in all ECC groups. The ethanol-induced UI of the sham, control, LECC, MECC and HECC were 0.0 ± 0.0, 12.5 ± 5.27, 3.92 ± 2.70, 3.64 ± 2.11 and 1.87 ± 1.31, respectively. These results indicate that ECC was able to protect rat stomach from ethanol-induced AGML.

Histopathological evaluation of ethanol-induced AGML
----------------------------------------------------

Histopathological evaluation of gastric lesions is shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Histopathological evaluation of extract of *Corchorus capsularis* leaves (ECC) on ethanol-induced acute gastric mucosal lesions (AGML) in rats. Dash-lines indicated the location of damage area. (A) SHAM: Normal; (B) CTRL (Control): 80% ethanol + vehicle; (C) Low-dose of ECC (LECC): 80% ethanol + ECC 200 mg/kg; (D) Medium-dose of ECC (MECC): 80% ethanol + ECC 400 mg/kg; (E) High-dose of ECC (HECC): 80% ethanol + ECC 1,000 mg/kg (40×, H&E stain). and [Table 3](#tbl_003){ref-type="table"}Table 3.Inhibition effects of extract of *Corchorus capsularis* leaves (ECC) supplementation on % histoscore in ethanol-induced acute gastric mucosal lesion experimentHistoscoreInhibition (%)SHAM0.00 ± 0.00-CTRL2.38 ± 0.700.0LECC1.13 ± 1.05^a)^52.5MECC1.38 ± 0.70^a)^42.0HECC1.00 ± 0.71^a)^58.0Each value represents mean ± SD (n=8). a) *P*\<0.01 denotes a statistic difference between ECC group and control group. Five groups: SHAM (Normal), CTRL (80% ethanol + vehicle), LECC (80% ethanol + ECC 200 mg/kg), MECC (80% ethanol + ECC 400 mg/kg) and HECC (80% ethanol + ECC 1,000 mg/kg)., pathological lesion scores were quantitated to estimate the severity of gastric lesions. In the sham group, gastric mucosa showed no acute degeneration, necrotic erosion, bleeding, and deep ulceration in the gastric tissues of the rats and the histoscore was 0.0 ± 0.0. In the ethanol-treated control group, gastric mucosa showed acute degeneration, necrotic erosion, bleeding, and deep ulceration in the gastric tissues of the rats (the region above the dotted line) and the histoscore was 2.38 ± 0.70. However, LEEC, MEEC and HEEC reduced the necrotic erosion of gastric mucosa caused by ethanol induction and the histoscore was 1.13 ± 1.05, 1.38 ± 0.70 and 1.00 ± 0.71, respectively. These results indicate that ECC was able to decrease the histoscore on histopathological evaluation of ethanol-induced acute gastric mucosal lesions.

Antioxidant effect of ECC on ethanol-induced AGML
-------------------------------------------------

Following the experiment, the blood from hepatic veins was collected for biochemical and antioxidant analyses including glutathione peroxidase (GPx), superoxide dilmutase (SOD), catalase (CAT) and malondialdehyde (MDA) and the results are shown in [Table 4](#tbl_004){ref-type="table"}Table 4.Effects of extract of *Corchorus capsularis* leaves (ECC) on biochemical and antioxidant activityMoleculesSHAMCTRLLECCMECCHECCSOD (U/mg protein)46.80 ± 3.2039.42 ± 8.68^d)^42.30 ± 4.5441.52 ± 8.3046.69 ± 2.97^a)^CAT (U/mg protein)9.24 ± 2.145.47 ± 2.14^c)^8.44 ± 1.88^a)^10.89 ± 3.98^a)^9.26 ± 1.79^a)^GPx (U/mg protein)13.35 ± 0.4511.62 ± 0.36^d)^13.01 ± 0.42^b)^13.22 ± 0.49^b)^12.45 ± 0.82^b)^MDA (nmol/mg protein)0.109 ± 0.0300.170 ± 0.060^d)^0.119 ± 0.0200.102 ± 0.0200.100 ± 0.01Each value represents mean ± SD (n=8). a) *P*\<0.05 and b) *P*\<0.01 denotes a statistic difference between ECC group and CTRL group. c) *P*\<0.05 and d) *P*\<0.01 denotes a statistic difference between CTRL group and SHAM group . Five groups: SHAM (Normal), CTRL (80% ethanol + vehicle), LECC (80% ethanol + ECC 200 mg/kg), MECC (80% ethanol + ECC 400 mg/kg) and HECC (80% ethanol + ECC 1,000 mg/kg). \*Superoxide dismutase: SOD, catalase: CAT, glutathione peroxidase: GPx, malondialdehyde, MDA.. As shown in [Table 4](#tbl_004){ref-type="table"}, ethanol-induced AGML in the vehicle control group significantly decreased antioxidant enzyme activities at SOD, CAT, and GPx levels, and significantly increased the MDA levels in comparison with that of the sham group (*P*\<0.05). In the case of the ECC-treating groups, some of ECC groups significantly reduced the ethanol-induced decrease in levels of antioxidant enzymes (*P*\<0.05), in which HECC was capable of significantly elevating the levels of antioxidant enzymes to near normal levels (*P*\>0.05).

DISCUSSION {#s3}
==========

Leaves of *C. capsularis* are a popular edible vegetable in Taichung city located in central Taiwan and was cited in folklore with gastroprotection. This present study investigates the protection effect of extract of *C. capsularis* leaves (ECC) on ethanol-induced AGML in rats. Alcohol consumption is an aggressive factor resulting in gastric mucosal lesion \[[@r7], [@r15]\]. The mechanism of ethanol-induced AGML is a multi-factorial disease which associated mainly with oxygen species and free radicals \[[@r26]\] It has been reported that *C. capsularis* contain ingredients including flavonoids, saponons, tanins and triterpenes but no alkaloids \[[@r37]\]. Literatures revealed that antioxidant ingredients like polyphenols, flavonoids and polysaccharides with antioxidant activity exist ubiquitously in natural plant materials \[[@r1], [@r17], [@r28]\]. Several studies have demonstrated that polysaccharides, polyphenols and flavonoids in natural plant extracts with free radical scavenging activity are associated with preventing ethanol-induced gastric mucosal damage \[[@r13], [@r20], [@r34]\]. We have demonstrated that ECC contain phytochemical components as polysaccharides, polyphenols and flavonoids. In addition, ECC was able to scavenge significantly DPPH radical in a concentration-dependent manner. The presence of polysaccharides, polyphenols and flavonoids in ECC with potent free radical scavenging activity may be involved in the protective effect of ethanol-induced AGML in rats.

In conclusion, we have demonstrated that ECC possesses potent protective effects on ethanol-induced AGML in rats, which may be associated with polysaccharides, polyphenols and flavonoids in ECC with free radical scavenging activity. Finding new therapeutic sources for the pharmaceutical industry is very important. In addition, providing valid, effective, low-priced and easily produced plant extracts are important. *C. capsularis* extract may be a potential anti-ulcer agent in the near future.
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